The cardiac accelerator fibres arise in the cat from the first four ov five thoracic nerves; the maximum effect is obtained sometimes from, the 2nd and sometimes from the 3rd thoracic nerve ; the 1st and the 4th thoracic nerves have in some animals a considerable accelerator action, in others little or none ; the 5th nerve appears occasionally to contain a few accelerator fibres, but further evidence is desirable.
individual experiments, would give a better result for the atomic weights than any I could hope to obtain directly.
In all work of this sort, the errors to be contended with may he classed as either systematic or casual. The latter are eliminated by repetition, and are usnally of no importance m the final mean. It is systematic errors that are most to be dreaded. But although directly of but little account, casual errors greatly embarrass a research by rendering difficult and tedious the detection of systematic errors. Thus, in the present case, almost the only source of error that can prejudice the final result is impurity in the gases, especially in the hydrogen. The better the hydrogen, the lighter it will prove; but the discrimination is blunted by the inevitable errors of weighing. 1 After perhaps a week's work it may become clear that the hydrogen is a little at fault, as happened in one case from penetration of nitrogen between the sealed-in platinum electrodes and the glass of the generator.
Another difficulty, which affects the presentation of results, turns upon the one-sided character of the errors most to be feared. As has been said, impure hydrogen can only be too heavy, and another important source of error, depending upon imperfect establishment of equilibrium of pressure between the contents of the globe and the external atmosphere, also works one-sidedly in the same direction. The latter source of error is most to be feared immediately after a re-greasing of the tap of the globe. The superfluous grease finds its way into the perforation of the ping, and partially blocks the passage, so that the six minutes usually allowed for the escape of the initial excess of pressure in the globe may become inadequate. Partly from this cause and partly from incomplete washing out of nitrogen from the generator, the first filling of a set was so often found ab normally heavy that it became a rule in all cases to reject it. From these and other causes, such as accidental leakages not discovered at the time, it was difficult to secure a set of determinations in which the mean really represented the most probable value. At the same time, any arbitrary rejection of individual results must be avoided as far as possible.
In the present work two objects have been especially kept in view. The first is simplicity upon the chemical side, and the second the use of materials in such a form that the elimination of impurities goes forward in the normal working of the process. When, as in the former determinations, the hydrogen is made from zinc, any im purity which that material may contain and communicate to the gas cannot be eliminated from the generator; for each experiment spheric conditions would remain as 2 : 1 upon indefinite expansion. According to the formula of Yan der Waals, a greater change than this in the ratio of volumes is to be expected. J similar argument holds good if the source of the impurity be in the | copper, or even in the phosphoric anhydride ; and it applies with in-] creased force when at the close of one set of operations the generator ] is replenished by the mere addition of water. It is, however, here ,1 assumed that the apparatus itself is perfectly tight.
Except for the reversal of the electric current, the action of the J apparatus is almost the same whether oxygen or hydrogen is to be j collected. In the latter case the copper in the hot tubes is in the rej dnced, and in the former case in the oxidised, state. For the sake of distinctness we will suppose that the globe is to be filled with ' hydrogen.
The generator itself ( fig. 1 ) is of the U -form, with unusually long branches, and it is supplied from Grove cells with about 3 amperes °f electric current. Since on one side the oxygen blows off into the m A * At the suggestion of Professor Morley, the solution was freed from carbonate, or nearly so, by the use of baryta, of which it contained a slight excess.
Lord R a y leig h . On [Feb. 18, F ig . 1. air, the pressure in the generator is always nearly atmospheric. Some trouble has been caused by leakage between the platinum electrodes and the glass. In the later experiments to be here recorded these joints were drowned with mercury. On leaving the generator the hydrogen traverses a red-hot tube of hard glass charged with copper,* then a flask containing a strong solution of potash, and afterwards a second similar hot tube. The additional tube was introduced with the idea that the action of the hot copper in promoting the union of the hydrogen with its oxygen contamination might be more com plete after removal of the greater part of the oxygen, whether in the combined or in the uncombined state. From this point onward the gas was nearly dry. In the earlier experiments the junctions of the hard furnace tubes with the soft glass of the remainder of the ap paratus were effected by fusion. One of these joints remained in use, but the others were replaced by india-rubber connexions drowned in mercury. It is believed that no leakage occurred at these joints; but as an additional security a tap was provided between the generator and the furnace, and was kept closed whenever there was no forward current of hydrogen. In this way the liquid in the generator would be protected from any possible infiltration of nitrogen. Any that might find its way into the furnace tubes could easily be removed before the commencement of a filling.
Almost immediately upon leaving the furnace tubes the gas arrives at a tap which for distinctness may be called the regulator. In tlie generator and in the furnace tubes the pressure must be nearly atmo spheric, but in the globe there is (at the commencement) a vacuum. The transition from the one pressure to the other takes place at the regulator, which must be so adjusted that the flow through it is approximately equal to the production of gas. At first the manipula tion of the regulator was a source of trouble and required almost con stant attention, but a very simple addition gave the desired control. This was merely a long wooden arm, attached to the plug, which served both as a lever and as an indicator. Underneath the pointed extremity was a small table to which its motions could be referred. During the first two-thirds of a filling very little readjustment was needed, and the apparatus could be left for half an hour with but little fear of displacing too much the liquid in the generator. Towards the close, as the motive force fell off, the tap required to be opened more widely. Sometimes the recovery of level could be more con veniently effected by insertion of resistance into the electric circuit, or by interrupting it altogether for a few minutes. Into details of this kind it is hardly necessary to go further. From the regulator the gas passed to the desiccating tubes. The first of these was charged with fragments of solid potash, and the second with a long length of phosphoric anhydride. Finally, a tube stuffed with glass wool intercepted any suspended matter that might have been carried forward.
The connexion of the globe with the generator, with the Toppler, and with the blow-off, is shown in the accompanying fig. 2 . On the morning of a projected filling the vacuous globe would be connected with the free end of the stout-walled india-rubber tube, and secured 3 by binding wire. The generator being cut off, a high vacuum would be made up to the tap of the globe. After a couple of hours' stand-! ing the leakage through the india-rubber and at the joints could be measured. The amount of the leakage found in the first two hours was usually negligible, considered as an addition to a globeful of hydrogen, and the leakage that would occur in the hours following would (in the absence of accidents) be still smaller. If the test were satisfactory, the filling would proceed as follows :-The electric current through the generator being established and ■ft the furnace being heated, any oxygen that might have percolated into (I the drying tubes had first to be washed out. In order to do this more effectively, a moderate vacuum (of pressure equal to about 1 inch °f mercury) was maintained in the tubes and up to the regulator by the action of the pump. In this way the current of gas is made very rapid, and the half hour allowed must have been more than sufficient for the purpose. The generator was then temporarily cut off, and a high vacuum produced in the globe connexion and in the blow-off tube, which, being out of the main current of gas, might be supposed to harbour impurities. After this the pump would be cut off, the connexion with the generator re-established, and, finally, the tap of the globe cautiously opened. The operation of filling usually occupied from two to three hours. When the gas began to blow off under an excess of pressure repre sented by about half an inch of mercury, the blow-off cistern was lowered so as to leave the extremity of the tube free. For two minutes the current of gas from the generator was allowed to flow through, after which the generator was cut off, and the globe left IB simple communication with the atmosphere, until it was supposed that equilibrium of pressure had been sufficiently established. Doubts have at various times been felt as to the interval required for this purpose. If too little time is allowed, there will remain an excess of pressure in the globe, and the calculated weight of the filling will come out too high. On the other hand, an undue prolongation of the time might lead to a diffusion of air back into the globe. In a specia experiment no abnormal weight was detected after half an hours communication, so that the danger on this side appeared to be small* When the passages through the taps were free from grease, one or two minutes sufficed for the establishment of equilibrium, but there was always a possibility of a partial obstruction. In the results to be presently given four minutes were allowed after the separation from the generator. It may be remarked that a part of any minute error that may arise from this source will be eliminated in the comparison with oxygen, which was collected under like conditions. The reading of the barometers and thermometers at the moment when the tap of the globe was turned off took place as described in the former paper. The arrangements for the weighings were also the same.
In the evacuations the process was always continued until, as tested by the gauge of the Toppler after at least a quarter of an hour's standing, the residue could be neglected. Here, again, any minute error wrould be eliminated in the comparison of the two gases.
In the case of oxygen, the errors due to contamination (even with hydrogen) are very much diminished, and similar errors of weighing tell very much less upon the proportional agreement of the final numbers. A comparison of the actual results with the two kinds of gas does not, however, show so great an advantage on the side of the oxygen as might have been expected. The inference appears to be that the individual results are somewhat largely affected by tempera ture errors. Two thermometers were, indeed, used (on opposite sides) within the wooden box by which the globe is surrounded, and they could easily be read to within C. But in other respects, the circumstances were unfavourable in consequence of the presence in the same room of the furnace necessary to heat the copper. An error of +0T° 0. in the temperature leads to a discrepancy of 1 part in 1500 in the final numbers. Some further elaboration of the screening arrangements actually employed would have been an im provement, but inasmuch as the circumstances were precisely the same for the two gases, no systematic error can here arise. The thermometers were, of course, the same in the two cases.
The experiments are grouped in five sets, two for oxygen and three for hydrogen. In each set the work was usually continued until the tap of the globe required re-greasing, or until, owing to a breakage or to some other accident, operations had to be suspended. he six fillings were all independent, except that of July 6, when the bulk of the oxygen remaining from the previous filling was not removed. It so happens that this case shows the greatest dis crepancy, but there seems to be no sufficient reason for rejecting it.
Hydrogen. n almost every case the weight of the globe full is compared with the mean of the immediately preceding and following weights empty. The particular weights in use on this occasion were such that no correction is necessary in order to allow for their errors.
The mean barometer reading at the time of filling was 29*742, so that the factor required on this account is 30 : 29"742. The correc tion for temperature of gas is from 13'3 to 12°. A further minute correction to the mean of each set may be made for the temperature of the glass. A warm globe is larger than a cold one, and consequently holds more gas. If we suppose that the volume expansion of the glass per degree C. is 0*000025, we find, corrected to 12° C. The means here exhibited give the weights of the two gases as they would be found with the globe at 12° C., and the barometers at 60° F. and at 30 inches. The close agreement of the mean temperatures for the two gases shows how little room there is for systematic error de pendent upon imperfections in the barometers and thermometers. But the results still require modification before they can be compared •with the view of deducing the relative densities of the gases.
In the first place, there is a systematic, though minute, difference in the pressures hitherto considered as corresponding. The terminal of the blow-off tube is 33 inches below the centre of the globe at the time of filling. In the one case this is occupied by hydrogen, and in the other by oxygen. If we treat the latter as the standard, we must regard the hydrogen fillings as taking place under an1 excess of pres sure equal to -ff of the weight of a column of oxygen 33 inches high ; and this must be compared with 30 inches of mercury. Hence, if we take the sp. gr. of oxygen under atmospheric conditions at O'OOl 4, and that of mercury at 13*6, the excess of pressure under which the hydrogen was collected is as a fraction of the whole pressure The agreement. is satisfactory, especially when it is remembered that both gases were prepared by different methods in the two sets of experiments.-Feb. 17. J But there is still another and a more important correction to be introduced. In my former paper it was shown that when the weigh, ings are conducted in air the true weight of the gas contained in the globe is not given by merely subtracting the weight of the globe when empty from the weight when full. When the globe is empty, its external volume is less than when full, and thus, in order to obtain the true weight, the apparent weight of the gas must be increased by the weight of air whose volume is equal to the change of volume of the globe.
In order to determine the amount of this change of volume, the globe is filled to the neck with recently boiled distilled water, and the effect is observed upon the level in the stem due to a suction of, say, 20 inches of mercury. It is not advisable to carry the exhaus tion much further for fear of approaching too nearly the point at which bubbles of vapour may be formed internally. In the earlier experiments, described in the preliminary note, the upper surface of the liquid was in the stem of the globe itself (below the tap), and the only difficulty lay in the accurate estimation of a change of volume occurring in a wide and somewhat irregular tube. The method employed was to produce, by introduction of a weighed quantity of mercury, a rise of level equal to that caused by the suction.
The advantage of this procedure lay in the avoidance of joints and of the tap itself, but, for the reasons given, the readings were not quite so accurate as might be desired. I wished, therefore, to supplement, if possible, the former determination by one in which the change of volume occurred in a tube narrower and of better shape. With this object in view, the stem of the globe was p rolon ged by a graduated tubular pipette attached with the aid of indiarubber. The tubes themselves were treated with gutta-percha cement, and brought almost into contact. It had hardly been expected that the joint would prove unyielding under the applied suction, but it was considered that the amount of the yielding could be estim ated and allowed for by operations conducted with tap closed. The event, however, proved that the yielding at the joint was scarcely, if a t all, perceptible.
The pipette, of bore such that 16 cm. corresponded to 1 c.c., was graduated to 0*01, and was read by estimation to 0 001 c.c. In order the better to eliminate the changes due to temperature, readings under atmospheric pressure, and under a suction of 20 inches of mer cury, were alternated. On January 28, 1892, a first set gave 0'648-0 300 = 0'348, a second gave 0'6645-0'316 = 0'3485 and a third gave fl-075-0*326 = 0*349. Similar operations with tap closed* gave no visible movement.
The result of the day's experiments was thus 0*3485 for 20 inches, or 0 523 for 30 inches, suction. Similar experiments on January 28, at a different part of the graduation, gave 0*526. On this day the yielding with tap closed was just visible, and was estimated at 0*001. As a mean result, we may adopt 0*524 c.c. The graduation of the pipette was subsequently verified by weighing a thread of mercury that occupied a measured length.
A part of the above-measured volume is due to the expansion of the water when the pressure is relieved. We may take this at 0 This corresponds to a mean atmospheric condition of pressure and temperature. If we combine the above ratio of densities with Professor Morley's ratio of volumes, viz., 2*0002 : 1, we get, as the ratio of atomic weights, 15*880.
If we refer to the table, we see that the agreement of the first and * For greater security the tap was turned while the interior was under suction. t For a spherical shell of glass of uniform thickness and with elastic constants 1 olio wing Poisson's law, the ratio of the difference of the internal and external expansion to either of them is 4£/3a, where t is the thickness of the shell, and a the mean radius. In the present application the value of a/t, deduced from the measured circumference and from the weight of glass, is about 110.
[Perhaps an arrangement in which the external volume is directly measured would have been preferable. No allowance for expansion of water would then be J needed.-Feb. 17.] third series of hydrogen weighings is very good, but. that the mean from the second series is decidedly lighter. This may have been in part fortuitous, but it is scarcely probable that it was so altogether. Under the circumstances we can hardly reckon the accuracy of the final results as closer than A word should perhaps be said upon a possible source of systematic error, viz., mercury vapour. There is no doubt that hydrogen passed over mercury takes up enough to cause a slow and superficial, but quite distinct, discoloration of sulphur over which it subsequently flows. In the experiments here recorded, the gas did not, indeed, flow over mercury in mass, but, inasmuch as mercury was used to secure the tightness of some of the joints, it is difficult to feel sure of its absence. Again, in evacuations conducted with a mercury pump can the vacuum be regarded as free from mercury vapour, which, it must be remembered, would not show itself upon the gauge of the Toppler p If both the hydrogen and the " vacuum " were saturated with mercury vapour, the result of the weighings would, according to Dalton's law, be free from its influence. The same unay be said of any volatile impurity arising from the grease* upon the stopcocks. As the matter stands, the results must, I think, be regarded as affected with a possible error amounting to a fraction of the weight of mercury vapour at the temperatures employed. But this is probably a very small quantity.
According 
